The authors show that BacA and BacB invariably colocalize in vivo, supporting the idea that they are always intermixed in cells. Therefore, a weakness of this study is the in vitro data, which show the structures formed by BacA alone (Fig. 3A) . The biological significance of these data is greatly reduced, as the structures formed by a mixture of BacA and BacB could be substantially different from BacA alone. A strong effort should be made to purify sufficient quantities of BacB to mix with BacA in order to make the in vitro data more relevant. Figure 2D is largely unconvincing; the putative lines are difficult to see. The white arrows also are difficult to see. This panel would be best removed, as the fluorescence data convincingly show the stalked-pole localization of BacAB and render this image unnecessary. However, if the authors insist on keeping it, the arrows should be made red or some other bright color to facilitate visibility. Figure 6D and the associated text on p. 10 are somewhat confusing. The adventurous motilitypositive but social motility-null control colony (Fig. 6D , bottom left panel) appears to have a small fringe around it. The completely smooth appearance of the ∆4635-7 mutants suggests that they are defective in both types of motility. But the text on p.10 (line [25] [26] states that these mutants were not defective in adventurous motility. This needs to be clarified. Figure 7 is nice looking, but is not needed to illustrate the conclusions of the paper and should be removed.
P. 5 lines 21-22: "Despite considerable temporal variations...transcribed throughout the cell cycle." This sentence is confusing and needs clarification, as considerable temporal variations are opposed to being transcribed throughout the cell cycle. The authors need to explain what they mean by this statement.
P. 6 line 18: "lyzed" should read "lysed". P. 6 line 19: "formed filamentous structures". The data do not actually demonstrate this, so this should read "had a filament-like localization" or with some other phrase describing more exactly the data.
P. 6 last line: "all misshaped cells". How many cells were analyzed in all? The readers should have this information. P. 12 lines 9-10: "indicating that they arose after separation of the three domains of life". This is only one possibility; the other is that bactofilins were lost from the ancestors of archaea and eukarya after domain separation. Our present knowledge of phylogeny does not allow us to distinguish the two. P. 13, lines16-18: "sterically hindering access". Other filament-forming proteins have been able to curve E. coli (e.g., FtsA, Gayda et al 1992; crescentin, Cabeen et al 2009) , and it is at least as likely that this occurs as a mechanical or physical effect.
The authors do not use standard bacterial genetic nomenclature in the paper or in the supplemental strain tables. Use of this nomenclature would make it immediately apparent to bacteriologists the exact nature of a strain.
In the statement about "Supplemental Data" (p. 18), it incorrectly states that there are 9 supplemental figures; there are 10.
Referee #2 (Remarks to the Author):
This is an important discovery, a new class of bacterial cytoskeletal proteins with a wide distribution across bacterial species. The work is well done, especially the observations and localization in vivo. The in vitro work is potentially just as interesting, but I thought it was too limited and lacking in quantitation. I suggest below a couple of simple analyses that should be easily done and would add a lot to the quantitative understanding. There are a couple of important structural contradictions, points 1 and 2. If these and other questions can be resolved, I would recommend publication in EMBO J.
1. The cryoEM identifies a line of density, presumably a section through a sheet, as the structure of BacA/B. But it is 9 nm away from the inner membrane. What is the possible mechanism by which the BacA/B membranes is so far from the membrane? This is a long distance, especially relative to the ~3 nm diameter of filaments. This is particularly problematic for the model in Fig. 7 , where BacA/B is shown binding directly to the short cytoplasmic domain of PibA. The biochemistry does say that BacA/B contacts PibA, but this is not possible if BacA/B is separated from the membrane by 9 nm.
2. Another structural contradiction is that the thin sheet near the membrane in vivo is very different from the in vitro polymers, which appear to be large bundles of filaments. Actually, the in vitro polymers are contradictory themselves, since the EM shows loose bundles of filaments much smaller than the bundles imaged by light microscopy. This cries out for fixation and thin sectioning to show the substructure of the LM bundles.
3. Another structural explanation needed is why the overexpressed Bac in 2A appears as blur substantially thicker than the small spots in Fig 1 ( which are presumably diffraction limited 200 nm). This may be because it is spread over a large curving segment of the membrane, but this needs to be stated.
4. The in vitro assembly of BacA is potentially of great interest, since it may lead to structural insights of the nature of the polymers. However, present data are very preliminary. The assembly was demonstrated in only one solution condition, and that is unphysiological since it has no salt. We really need to know what is the assembly in 100 and 300 mM potassium. In addition to the micrographs showing a qualitative image of polymers, the amount in polymer should be determined by pelleting and assaying the pellet and sup for protein. This should be a simple experiment, and would move the paper at least a small distance toward quantitative interpretation. Even better would be to assay the assembly in physiological salt over a range of total protein concentrations, to see if it fits a critical concentration.
5. Another important quantitation would be to determine the concentration of BacA in cells, both in the wild type condition, and in the overexpression system. This can be done easily by quantitative western blotting, since the group have the Ab and the purified protein. The only tricky part will be determining the concentration of the BacA standard. The protein has a strange aa composition so it is likely to be divergent in a BCA assay. The Roti-nanoquant (a modified Bradford) is likely even more capricious, in giving different color for different proteins. My quick scan of the sequence showed no trp, so OD280 can't be used. It would be best to prepare a standard solution and do a quantitative amino acid analysis. Knowing how many molecules are in a cell is really useful, especially for structural/cytoskeletal proteins.
6. The co-localization by light microscopy in 3C seems useless. The resolution of the light microscope is about half the diameter of the cell, and we already know that both BacA and B localize on the inner curved side. The localization to the same side of the cell should be mentioned in the text, but showing the merge figure suggests a misunderstanding of the nature of proteinprotein sizes (~2-4 nm) and the resolution of the light microscope (250 nm, but these seem to be even more blurred).
7. This reader is curious why only one BacA/B-binding band was identified by mass spec. There are half a dozen others.
8. The MXAN results seem contradictory in that substituting any one with a Cherry domain apparently caused cell elongation, whereas deletion of all four is said to have left a wild type morphology.
9. Fig. S10 , showing that expression of BacA or B in E coli causes distortion of cell shape, is very interesting. It is similar to the case for crescentin, although crescentin causes a normal crescent shape in E coli whereas the BacA/B cause more drastic distortions. It would be interesting to know how many molecules per E coli cell are needed to cause the distortion (this could be determined by quantitative western blot). Especially if this quantitation can be obtained, I would suggest moving this figure to the main article.
Referee #3 (Remarks to the Author):
This paper describes the identification of a new class of cytoskeletal proteins that is widely conserved among bacteria. It is shown that these proteins are widely distributed among bacteria, and the proteins from C. crescentus spontaneously assemble in vitro in a nucleotide independent manner, localize in the cell and recruit at least one PG synthetase. Despite these dramatic results knocking out the two homologues results in almost no detectable phenotype. By examining members of this class of proteins from 3 different bacteria it appears that their ability to localize and assemble is conserved. However, it looks like the area of localization and function of these proteins may vary widely.
Several things could be made clearer in the manuscript. It is not clear how these proteins are assembled in vitro other than it occurs after dialysis. What keeps them from assembling before dialysis? Salt or imidazole? This should be mentioned in the text and made clearer in the materials and methods so it could be repeated by others. Fig. 1 and text on page 5. The ∆bacAB strain is used as a control for the immunofluorescence early in the paper but the phenotype is not mentioned until much later. Why not mention here that there is not obvious morphological change.
Page 8. Top paragraph concerning interaction partners. It should be mentioned in the text that the samples were cross-linked with HCHO otherwise the reader has to dig through the methods.
I would guess the interpretation of the localization in Fig. 5D indicates that the protein forms a sheet or cone if it is seen in all cells examined. Is this the case? Was the bacAB used as a control? It is curious why the overproduced Bac proteins localize to one side of the cell.
Page 9. Widely conserved. I suspect that they are not present in E. coli since the authors used Shewanella, or is there some other reason for choosing this organism? My quick check did not reveal any. Why not mention this. Also, mention B. subtilis. Since these two are the workhorses of bacterial genetics this will be a question raised by many readers. We thank the reviewers for their detailed and constructive comments. The issues they raised have been addressed as follows:
Referee #1
1. Co-polymerization of BacA and BacB: We have made intensive efforts to overexpress bacB in E. coli and have succeeded about two weeks ago, using a codon-optimized version of the gene. However, nevertheless, the amount of protein that we were able to purify was not sufficient for detailed biochemical and structural analyses. Electron microscopic analyses suggest that the polymers formed by BacA and BacB are very similar ( Figure S7 ). Obvious differences are limited to the size of the filament bundles under low-salt concentrations, which is likely due to the 16-fold lower concentration of our BacB stock solution. Indeed, dilution of BacA also leads to a decrease in the size of the filament bundles. Given that both proteins are purified in the form of biochemically stable polymers that already assemble during overproduction, it is unlikely that they combine efficiently into copolymers when simply mixed in a single tube. We have tried hard to establish a procedure that would allow us to denature BacA and BacB and then refold the proteins, mixed in the proper 10:1 ratio (see respone to Referee #2, point 5). However, we have not yet succeeded in obtaining soluble protein after the renaturation process. In an alternative approach, we have tried to establish a coexpression system that would allow us to synthesize BacA and BacB in the same cells at a 10:1 ration and, subsequently, to purify potential copolymers. However, it turned out to be extremely hard to fine-tune the system such as to obtain the desired ratio of proteins and, concomitantly, a quantity sufficient for purification and further characterization. It might anyways be quite difficult to acertain whether polymers formed upon mixing or co-expression are in fact real co-polymers or whether they consist of separate BacA and BacB protofilaments that have aligned into pairs or ribbons or just interact unspecifically. There is good reason to assume that a mixed polymer would not look much different from the polymers formed by BacA or BacB alone. First of all, it is safe to assume that polymerization of bactofilins is mediated by the conserved DUF583 domain, which is highly conserved between BacA and BacB. Moreover, the protofilaments formed by BacA and BacB are very similar, allowing no distinction at electron microscopic resolution. Therefore, it is unclear in what respect a mixture of BacA and BacB should deviate from the protofilament assemblies observed at physiological salt concentrations for BacA and BacB alone. Finally, BacB has turned out to be only a minor constituent of BacAB clusters, constituting about 10% of their total protein. Thus, together with the other points raised above, BacB is unlikely to have a dramatic influence on the overall structure of BacA filaments. Unlike the DUF583 domain, the non-structured N-and Cterminal tails of BacB differ considerably from the equivalent regions in BacA. BacB might therefore serve to recruit a specific set of proteins to the BacAB clusters rather than to modify the structure of the polymer.
Scale bars:
Scale bars have been added to all the figures.
Description of Figure 1B:
We have now added "(data not shown)" to the statement referring to the absence of foci in swarmer cells. Figure 2C : The illustration has been removed and the different structures visible in the tomogram have been labeled on the image.
Labels in

Former Figure 2D:
We agree with the reviewer that these images are somewhat difficult to interpret and, in addition, speculative, since it is currently technically impossible to prove that the structures seen are in fact bactofilin clusters. We have, therefore, followed the suggestion of Reviewer 1 to remove this figure. It has been included in the Supplemental Material ( Figure S5 ), with the color of the arrows changed to red. Figure 6D) : The S -A + strain did indeed show a small fringe around the colony. This is a characteristic of the control strain used (DK1300), which has been obtained by random mutagenesis and is poorly characterized. However, in the Myxococcus community, this phenomenon is generally not assumed to reflect adventurous motiliy. We have repeated the experiment with a new control strain that has recently been generated by deletion of the pilB gene, encoding an ATPase that is essential for type IV pilus assembly. Using this defined mutant, a fringe is hardly detectable any more. The residual fringe-like zone is presumably attributable to the pleotropic phenotypes induced by mutations in type IV pilus components. For instance, the absence of pili has a strong effect on the secretion of extracellular polysaccharides, which might slightly affect colony morphology. To test the M. xanthus bactofilin mutants for adventurous motiliy, we analyzed the movement of individual cells (the hallmark of A-motiliy) under the microscope. Whereas single S + A -control cells were completely immobile, all bactofilin mutants were able to move as single cells at wild-type speed. Thus, they all have an intact Amotiliy system. We have updated the Figure ( now Figure 7D ) with the new images and added a short passage to the text stating the fact that the bactofilin mutants are still mobile on the singlecell level when analyzed microscopically ("...
Adventurous motility (former
. By contrast, microscopic analysis did not reveal any defects in locomotion on the single-cell level, indicating that adventurous motility was still functional (data not shown)."
Removal of (former) Figure 7:
The figure has been removed.
Description of bacA and bacB transcription:
The previous statement has been re-phrased as follows: "Previous work has shown that bacA and bacB mRNA is detectable throughout the cell cycle, although transcription of the two genes peaks during the swarmer-to-stalked cell transition.". Both genes are transcribed at all times during the cell cycle. However, the level of transcript changes over time, peaking during the swarmer-to-stalked-cell transition.
9. Spelling of "Lyzed". The spelling has been changed to "lysed". Figure 2A ("filamentous structures"): The text has been changed. We now describe these structures as "elongated" instead of "filamentous".
Description of
Number of misshaped cells analyzed by cryo-EM:
Overall, we have analyzed 18 cells overproducing BacA and about the same number of cells overproducing BacB. Each single cell has to recorded and reconstructed individually, making this analysis very laborious. We have consistently detected putative bactofilin sheets in these cells, whereas similar structures have never been observed by the Jensen lab before, even though they have already generated hundreds of tomograms of C. crescentus cells. The number of cells analyzed has been added to the text.
Evolution of bactofilins:
The text has been changed as follows: "Bactofilin genes are absent from eukaryotic and archaeal genomes, indicating that they either represent a bacterial invention or were lost from the other kingdoms soon after separation of the three domains of life."
Model on the morphogenetic effects of bactofilin overproduction:
We have extended the discussion of the mechanisms that could underlie the morphological defects observed in cells overproducing bactofilins. The following sentence has been added: "Alternatively, they could exert a mechanical force that constrains longitudinal extension of the cell and thus induces uneven growth of the peptidoglycan sacculus ñ a mechanisms that likely underlies the morphogenetic role of crescentin {Cabeen, 2009} as well as the cell shape defects resulting from overproduction of a mutant version of the cell division protein FtsA in E. coli {Gayda, 1992}." 14. Genetic nomenclature: The table entitled "Strain construction" is intended to describe the way the strains have been generated rather than the mere genotype of the strains. We would like to keep the table as it is, because describing the strain construction in the form of a text would be lengthy and less clear. Moreover, most of the strains have been constructed by replacing the endogenous wild-type gene with a mutant/tagged allele. To our knowledge, only the name of the mutated allele is stated in order to indicate the genotype of a mutant in bacterial nomenclature. Therefore, replacing the table by a standard strain table would not tell the reader anything about the method and the plasmids used to generate the mutations/tagged versions. For simplicity and clarity, all the genotypes are given in the main text or in the figures legends. We think that the way the genotypes are indicated (e.g. stating the name of the mutant chromosomal allele) is in fact correct. However, we agree that it should be specified where a Pxyl-promoter fusion has been inserted. Therefore, we have replaced "Pxyl-...." by "xylX::Pxyl-..." in all cases in which the fusion construct has been integrated at the chromosomal xylX locus.
Number of supplemental figures:
The number of figures has been corrected.
Referee #2
1. Distance of bactofilin sheets from the membrane: The value given originally for the distance is somewhat misleading. It was measured from the maximum density of the cytoplasmic membrane to the maximum density of the bactofilin sheets, since it is impossible to determine the precise thickness of a structure in an cryo-EM image. Given that a standard membrane is about 5 nm thick and the bactofilin polymers have a diameter of about 3 nm, the actual space inbetween the two structures only measures ~ 5 nm. To avoid confusion, we now use this calculated value in the revised manuscript. In addition, we added a paragraph to the Discussion, explaining why this spacing does not contradict our model: "The reason for the pronounced spacing between these assemblies and the cytoplasmic membrane is unclear. However, we suggest that the disordered regions flanking the DUF583 domain serve as flexible linkers connecting bactofilin sheets to the cell envelope. Comprising between 29 and 44 residues, they can easily bridge a gap of 5 nm when adopting an extended conformation. Moreover, their terminal regions are highly enriched in basic amino acids and thus ideally suited to interact with the negatively charged phospholipid bilayer." These calculated lengths are based on the inter-residue distances measured for ß-sheets (~ 0.35 nm), in which stretches of amino acids adopt an almost fully extended conformation. Similar to the disordered terminal regions of BacA and BacB, the N-terminal region of PibA (now called PbpC) can bridge more than 75 nm in the extended state, allowing it to contact the bactofilin sheet (or the BacAB linker regions) without any problems.
Structural contradiction between filaments observed in vitro and in vivo.
Thanks to the suggestion of Referee #2 to investigate the structure of BacAB polymers at physiological salt concentrations, this contradiction could be resolved. At higher salt concentrations, BacA and BacB do not form the massive bundles observed in low-salt conditions. They rather form pairs or narrow ribbons of protofilaments, which perfectly fits the idea that bactofilin sheets consist of a single layer of proteins, as suggested by the cryo-EM images. It is impossible to image the huge bundles formed in low-salt buffers with the electron microscopic equipment we have available, because, due to their thickness, they appear as black, undefined masses after staining. The protein solution also contains smaller bundles and individual protofilaments, which are too small to be detected by DIC microscopy. We chose to image these smaller structures, because they are readily amenable to electron microscopic analysis and still show the characteristic structure of larger filament bundles. According to our EM specialist, the loose, irregular packing of the protofilaments makes it virtually impossible to gain any information on the structure of the filament bundles by thin-sectioning. We therefore decided to focus on the other experiments suggested by the referees instead, especially since it became obvious that these bundles are physiologically not relevant.
Comparision of bactofilin localization at wild-type and elevated levels:
We support the explanation proposed by the referee that spreading of the labeled proteins over a large segment of the membrane causes the fluorescence signal to broaden. To point this out, we modified the text describing the sheets observed in the cryo-EM images as follows: "In agreement with the in vivo localization data, all misshaped cells analyzed (n=18) showed an extensive sheet-like structure that lined the inner face of the cytoplasmic membrane at a distance of ~ 5 nm, correlating with the broad bands of fluorescence observed with the tagged proteins."
Structure of the polymers at physiological salt concentrations:
We visualized the structure of BacA and BacB filaments in the presence of 100 mM and 300 mM KCl. Under these conditions, the massive bundles observed in low-salt buffers were absent, and the protofilaments were aligned into pairs or narrow ribbons ( Figure 3A, panel d) , which perfectly fits the structures observed by cryo-EM in situ. Sedimentation assays showed that an increase in the salt concentration did not reduce the overall amount of protein included in high-molecular weight structures ( Figure 3B) . It was not possible to measure the critical concentration of BacA necessary for de novo assembly of polymers, because we have so far not succeeded in establishing a protocol that allows us to reversibly disassemble bactofilin filaments. However, in order to determine the concentration required to maintain polymers under equilibrium conditions, sedimentation assays were performed on BacA solutions over a range of different concentrations ( Figure S6 ). Due to the high dilutions necessary to see disassembly, the detection of sedimented polymers had to be performed via SDS-gel electrophoresis and silver staining, precluding exact quantitative measurements. However, we still observed a significant amount of pelleted protein at 250 nM BacA, whereas polymers no longer detectable at a concentration of 50 nM, indicating that the interaction between bactofilin monomers is extremely tight. Figures presenting the new data have been included in the paper and described in the Results section as follows: "At physiological salt concentrations, the total amount of BacA incorporated into high-molecular weight structures was unchanged ( Figure 3B ). However, lateral contacts between polymers were reduced, resulting in the accumulation of ribbon-like assemblies comprising two or several protofilaments ( Figure 3A, panel 
d). Polymerization of BacA was still observed at protein concentrations as low as 250 nM (Figure S6), indicating that bactofilin monomers interact in a highly efficient manner."
Cellular concentrations of BacA and BacB:
The cellular concentrations of BacA and BacB have been determined both in wild-type cells and under conditions of overexpression. To this end, the concentration of a BacA standard solution was measured with the help of quantitative amino acid analysis. The value obtained was within 15% of the values measured with the RotiNanoquant and BCA assays. Subsequently, quantitative Western blot analysis using an anti-BacA antibody was applied to determine the cellular concentrations of BacA and a chromosomally encoded BacA-HA fusion in wild-type cells (which both gave identical values). We then correlated the cellular level of BacB to that of a chromosomally encoded BacB-HA fusion (which were also expressed at identical levels) using an anti-BacB antibody. Comparison of the cellular levels of BacA-HA and BacB-HA (expressed at a ratio of 10:1) using an anti-HA antibody then allowed us to also calculate the wild-type concentration of BacB. We found cells contain about 200 molecules of BacA and 20 molecules of BacB. These values appear surprisingly low, compared to other cytoskeletal elements, which usually accumulate to approximately 10-fold higher levels. However, bactofilin clusters exclusively form at the junction between the cell body and the stalk, a region in which the inner cell diameter only measures about 25-50 nm. In addition, they are highly stable, suggesting that most of the BacA and BacB copies synthesized in the cell are included in the clusters. Thus, the amount of protein needed to establish a functional cytoskeletal structure might be much lower for bactofilins than for proteins such as FtsZ or MreB, which are highly dynamic and have to span the middle of the cell or extend throughout the cell body. When overproduced, the concentrations of BacA and BacB (or the respective hybrids) increased between 100-1000-fold over the respective wild-type levels. The values measured were added to the main text and the respective figure legends as data not shown. Figure 3C : The experiment shown in this Figure ( now Figure 4B ) is in fact not useless. Referee #2 might have missed the fact, that in the cells shown, only the BacB fusion is overproduced whereas the BacA fusion is produced at wildtype levels. Nevertheless, both proteins localize to the inner curvature, which indicates that overproduced BacB can impose its localization pattern on BacA, proving that BacA and BacB interact.
Co-localization experiment shown in (former)
Unidentified bands in co-immunoprecipitation samples:
Unfortunately, the amount of protein in the bands was too low for identification in most cases. Only the most prominent bands could be identified, among them CC3277. To clarify this, the following note was added to the legend to Figure 5A : "Owing to the limited amount of starting material, only the five most abundant proteins could be identified." 8. Phenotype of M. xanthus strains producing fluorescent protein fusions: Our description of the phenotype was unclear. We intended to say that the cells display fluorescent structures that look filamentous, and not that the cells became filamentous upon synthesis of the fluorescent protein fusions. We now state that "Upon replacement of the respective endogenous genes with alleles encoding fluorescent protein fusions, conspicuous filamentous structures were detectable in all of the resulting strains ( Figure 7B )." 9. Effect of bactofilin overproduction in E. coli: We determined the cellular concentrations of BacA and BacB in the overproducing cells and added this information to the legend of Figure S12 . Giving the precise number of molecules per cell instead of a relative concentration was not possible because the cells (especially those overproducing BacB) had highly variable sizes and viabilities. For this reason, and because the effect on E. coli is interesting but not related to the other experiments presented in the paper, we would prefer to leave the figure in the Supplemental data.
Referee #3
1. Initiation of polymerization: BacA, BacB and MXAN4636 formed polymers during overproduction in E. coli and during disruption of the overproducing cells. These polymers were stable and could be purified to homogeneity by standard biochemical methods. All other proteins were purified under denaturing conditions and then refolded to their native state, with polymers being formed during the renaturation process. We revised the main text and the Methods section to clarify the polymerization conditions. 
Description of the phenotype of bactofilin-deficient cells:
We agree that it would perhaps be better to mention the phenotype of the mutant cells earlier. However, the immunofluorescence images are not suitable to visualize the fact that the cells do not have any major morphological defects. Moreover, a detailed discussion of the phenotype makes more sense at a later stage, together with the phenotypes of the single bac mutants and, most of all, the pbpC mutants. Therefore, we mentioned the fact that the cells do not show a severe cell shape defect as a note in the legend to Figure 1C , but still discuss the stalk phenotype of the ∆bacAB mutant in detail in the later sections.
Formaldehyd-crosslinking of the cells:
The information that the cells were treated with formaldehyd before co-immunoprecipitation analysis has been added to the text.
Precise shape of the polar bactofilin clusters:
It is difficult to clarify the precise arrangement of BacAB at the stalked pole, since the strong curvate of the cell envelope in this region, the small dimensions of these structures, and the fact that only about 75% of the cell can in general be resolved (due to the limited tilting angle of the cryo-electron microscope stage) preclude its complete reconstruction. However, the different dimensions of the layers in the left and right halves of the cells depicted in Figure S5 suggest that bactofilin sheets are not perfectly symmetrical cones (provided that these structures are indeed composed of BacA and BacB). Due to the detection problems described above, these structures were only observed sporadically in wild-type cells. Therefore, although similar membrane-associated layers were absent in the ∆bacAB cells analyzed, we cannot draw the definitive conclusion that the structures observed are exclusively found in wild-type cells. For this reason, we decided to follow the suggestion of Referee #1 to remove these data from the main paper and to include them in the Supplemental file. As for the localization of the sheets to one side of the cell, please refer to point 6 of this list.
Conservation of bactofilins in E. coli and B. subtilis:
There are no bactofilin genes on the E. coli chromosome, whereas B. subtilis produces two different bactofilins, encoded in a putative operon (yhbE and yhbF). The situation seen for E. coli is now described in the introduction to the paragraph on the S. oneidensis bactofilin homologue SO1662 6. Discussion of the localization and the morphogenetic effects of overproduced BacA and BacB: We suggest that BacAB sheets are intrinsically curved and assemble preferentially on positively curved membrane areas, as observed at the junction between the stalk and the cell body. Both the localization of BacAB to the inner curvature of the cell and the morphological defects (especially the hypercurvature) observed under conditions of bactofilin overproduction might be a consequence of this intrinsic curvature, as outlined in the following paragraph, which has been added to the Discussion section: "In a different scenario, the localization of BacAB clusters could be controlled by membrane curvature, similar to the situation seen for eukaryotic BAR-domain proteins {Frost, 2009 #104} and B. subtilis DivIVA {Lenarcic, 2009; Ramamurthi, 2009}. Establishment Your revised manuscript has been reviewed once more by one of the original referees who recommends publication after some minor revisions listed below.
When you send us your revision, please include a cover letter with an itemised list of all changes made, or your rebuttal, in response to comments from review.
Thank you for the opportunity to consider your work for publication. I look forward to reading the revised manuscript.
Yours sincerely,
Editor
The EMBO Journal
Referee #2 (Remarks to the Author):
A good paper has been made even better by some important new data and clarification of several points. I recommend publication after attention to the following minor concerns.
1. The quantitative western to determine the number of BacA and B in a cell is an important addition. It answers my question about quantitation of cytoskeletal proteins. (The authors might want to note in Discussion that if subunits are 3 nm in diameter, BacA could only make 600 nm of filament, or 100 nm of a six-filament sheet. There seems to be too little BacB to make anything of structural significance.) This also largely resolves the concern of referee #1 that BacA and BacB might form a mixed polymer in vivo. Since BacB is only 10% of BacA, they probably form separate polymers that associate after polymerization. Regardless, the in vitro EM of BacA is now quite relevant, since this homopolymer is likely the major structure. Methods state "validity of the measurements was verified by quantitative amino acid analysis." The response letter says that "the value obtained was within 15% of the Nanoquant and BCA. It would be useful to present the actual numbers in Methods or SI, showing the values for BCA, Nanoquant and quant aa.
2. I have another suggestion for reporting the distance of the sheet-like structure from the membrane. In the previous version of the paper, the distance from the membrane was given as 9 nm, but this is now revised down to 5 nm. The rationale is that the previous measurement reported the distance from the center of the membrane to the center of the Bac sheet. I think that the number presented in Results should actually be 9 nm, with the clarification that this is center to center of the dense lines. I believe this is how Dr. Jensen has reported his previous measurements, and it would be important to maintain consistency. Then in the Discussion it can explained that the proteins need only bridge from the inner surface of the membrane to the Bac sheet, which may be only 5 nm, giving the estimated width of the membrane and sheet. In addition to the unstructured peptide of 30 or 44 aa's of BacA, give the same for PbpC. The authors might note that to span 5 nm, these peptides may have to be fairly extended, and this would require a force. Also, some part of these peptides need to be reserved to bind each other. This may not be a completely satisfactory explanation, but it puts the model in the open.
3. The Results clearly state that prior to mass spec the proteins were crosslinked with formaldehyde, but I could not find this in Methods. Also, before running on the gel were the proteins uncrosslinked by heating? This needs to be clarified in Methods.
4. Figs. 5 F and S11 make the important point that the N-terminal cytoplasmic domain of PbpC is sufficient for localization. However, in the absence of Bac the fluorescence does not appear to be membrane localized? Is there any evidence that the MinC TM domain is actually localizing this to the membrane? Does the construct in 5F have the TM domain? If not, clarify that this is a cytoplasmic construct, and consider omitting S11.
5. The polymers of mxan proteins need more details. SI methods says they were solubilized in urea, and purified over Ni column by lowering the pH. No mention is given of how they were renatured, nor what buffer and ionic strength they were in for EM. I was able to track down that 4636, which was never denatured, is probably in 300 mM NaCl. This might be restated in the Fig. caption . Figure S5) 
1b. Incorporation of protein quantification data into Methods:
The small deviations in the values obtained for the concentration of our BacA stock in the different assays is well within the error of the measurements. In particular, the concentrations obtained by quantitative amino acid analysis have a significant error rate (as indicated by the company performing the analysis). Giving the exact values (amino acid analysis 0,86 mg/ml, Bradford: 0,95 mg/ml, BCA: 1,07 mg/ml, Lowry: 0,69 mg/ml) would imply a precision that does in fact not exist. We would, therefore, prefer not to give these values in the paper.
Discussion of the distance between the inner membrane and the bactofilin sheets:
We have changed the discussion of the tomograms as suggested by Reviwer #2. In the Results, we give 9 nm as the center-to-center-distance between the two structures. The discussion has been amended as follows: As mentioned in this section and in the beginning of the discussion, we assume that polymerization of bactofilins is mediated by their DUF583 domain, not the flexible tails. Stretching these tails, which measure more than 10 nm, to a length of 5 nm does not really require a strong force. Structural constraints and the attraction between the positively charged N-and C-terminal residues of BacA/B and the negatively charged membrane might be sufficient. However, this is much too speculative to be included in the Discussion and, apart from that, not really relevant for the point we want to make in the paper.
Reversal of crosslinks:
The formaldehyde crosslinking is described in detail in the Methods (Co-immunoprecipitation and mass spectrometry). We have now stated explicitly, that the crosslinks were reversed by heating before gel electrophoresis.
Localization of the truncated PbpC fusions:
Owing to the small dimensions of C. crescentus, clear membrane localization is only observed for highly expressed membrane proteins. Even wild-type PbpC appears to be evenly dispersed throughout the cell once it delocalizes due to the absence of BacA and BacB ( Figure 5E , right panels). Looking closely at the fluorescence signals in Figure 5F , a number of cells clearly show a somewhat brighter
